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WLPHLQWKHLUOLIH)RUWKLVUHDVRQLWLVLPSRUWDQWWKDWVFLHQWLVWVDQGPHGLFDOSURIHVVLRQDOVDUH
DZDUHRIKRZWKHVHLQMXULHVWUXO\DIIHFWWKHSDWLHQWDQGPRUHLPSRUWDQWO\XQGHUVWDQGKRZWKH\
FDQEHSUHYHQWHG.QRZLQJKRZ7%,VDIIHFWSHRSOHFDQOHDGWRDEHWWHUTXDOLW\RIOLIHIRUWKRVH
ZKRVXUYLYHDURXQGWKHZRUOGDQGDFURVVHYHU\JHQHUDWLRQ$GGLWLRQDOO\SUHYHQWLQJWUDXPDWLF
EUDLQLQMXULHVZRXOGVDYHOLYHV
$OWKRXJKWKHUHDUHLQQXPHUDEOHGHDWKVDQGGLVDELOLWLHVFDXVHGE\7%,VZRUOGZLGHWKHUH
LVVWLOOQRWDORWNQRZQDERXWWKLVILHOG6WXG\LQJ7%,VLQGHSWKZLOODOORZUHVHDUFKHUVWRKDYHD
EHWWHUXQGHUVWDQGLQJRIWKHHIIHFWVRIIRUFHVRQWKHEUDLQDWWKHFHOOXODUOHYHOWKHUHIRUHHQDEOLQJ
WKHPWRGHYHORSEHWWHUPHWKRGVDQGGHYLFHVWKDWFDQSUHYHQWWKHVHLQMXULHV$GYDQWDJHVWRKDYLQJ
DQLQYLWURPRGHOWRVWXG\7%,VLQFOXGHHWKLFVFRVWUHDOWLPHREVHUYDWLRQDQGUHSHDWDELOLW\$
PDMRUWRSLFWKDWLVGLVFXVVHGZLWKLQWKHILHOGRIVFLHQFHLVWKHHWKLFVWKDWJRDORQJZLWKWHVWLQJRQ
DQLPDOV:LWKDQLQYLWURPRGHOWKHUHLVDORWOHVVGDPDJHEHLQJGRQHWROLYHDQLPDOVLIRQO\WKH
FHOOVDUHQHHGHG:LWKLQYLWURWHVWLQJFHOOOLQHVDUHXVHGPHDQLQJWKH\FDQEHPDLQWDLQHGDQG
H[SDQGHGQXPHURXVWLPHVDQGIUR]HQIRUIXWXUHXVH7KHUHIRUHVHYHUDOH[SHULPHQWVFDQEH
SHUIRUPHGIURPMXVWRQHYLDORIFHOOVIURPWKHDQLPDO$QLQYLWURPRGHODOORZVUHVHDUFKHUVWR
UHSHDWWKHIRUFHDSSOLFDWLRQH[SHULPHQWQXPHURXVWLPHVRQWKHVDPHEUDLQPRGHO7KLVDOORZVWKH
H[SHULPHQWWRPRUHFORVHO\UHVHPEOHUHDOZRUOGDSSOLFDWLRQV)RUH[DPSOHLWFDQEHXVHGWR
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KROGHUZKLFKFDQVWDELOL]HD3HWULGLVKWKDWFRQWDLQVFXOWLYDWHGFHOOVZDVFUHDWHG7KLVGLVK
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PHFKDQLFDOPDQLSXODWLRQ7KLVDOORZHGIRUWKHGHWHUPLQDWLRQRIZKDWUHODWLRQVKLSPHFKDQLFDO
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PLPLFD7%,ZDVDOVRSHUIRUPHG7KHLPDJHVIURPWKHWULDOVZHUHVDYHGDQGJUDSKVZLWKWKH
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LPSDFWVDQGDOORZIRUEHWWHULPDJLQJDQGDQDO\VLVRIFHOOXODUUHVSRQVHGXULQJLQMXU\ZDV
GHVLJQHG
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PRUHHIIHFWLYHO\DSSO\DIRUFHWRWKHPRGHOEUDLQWRVLPXODWHVWUHVVHVVLPLODUWRWKRVHVHHQLQ
7%,VDQGWRDOORZIRUEHWWHULPDJLQJDQGDQDO\VLVRIFHOOXODUUHVSRQVHGXULQJLQMXU\,WDOVR
LQFOXGHGDOWHULQJWKHPDWHULDOVDQGJHRPHWU\RIWKHGHYLFHVRWKDWLWZDVELRFRPSDWLEOHDQG
SURWHFWHGIURPRXWVLGHFRQWDPLQDWLRQ$QRWKHUREMHFWLYHZDVWRDFFXUDWHO\FXOWXUHQHXURQVLQD
SRURXVFROODJHQILOOHGVLONVFDIIROGWRDFFXUDWHO\PLPLFWKHEUDLQDQGWRHQVXUHWKDWWKHVHFHOOV
FDQJURZQRUPDOO\LQVLGHWKHGHYLFHWKDWZDVFUHDWHG7KHILQDOREMHFWLYHVLQFOXGHGWHVWLQJDQG
DQDO\]LQJIRUFHDQGVWUDLQH[SHULHQFHGE\WKHEUDLQPRGHO7KHGHYLFHLQYROYHVDGLVKKROGHU
ZKLFKKROGVWKHVFDIIROGRIFHOOVLQD3HWULGLVKZKLFKLVDIIL[HGWRDPRYDEOHVWDJHWRDOORZIRU
LPDJLQJRIWKHFHOOV7KHIRUFHDSSOLFDWRUZDVGHVLJQHGWRVLPXODWH7%,VRQDQLQYLWUREUDLQ
WLVVXHPRGHO7KHPRGHOZDVREVHUYHGGXULQJPHFKDQLFDOPDQLSXODWLRQ7KLVDOORZHGIRUWKH
REVHUYDWLRQRIDUHODWLRQVKLSEHWZHHQPHFKDQLFDOIRUFHDQGQHXURQDOQHWZRUNGDPDJH7KHHQG
JRDORIWKLVSURMHFWZDVWREHDEOHWRFRUUHODWHWKHVWUDLQH[SHULHQFHGE\WKHEUDLQWRWKHGDPDJH
GRQHWRWKHFHOOV%\FRPSOHWLQJWKHVHREMHFWLYHVDEHWWHULQYLWURPRGHOZDVFUHDWHGLQRUGHUWR
DFFXUDWHO\PLPLFWKHEUDLQDQGVWXG\WKHHIIHFWVRIDQDSSOLHGIRUFH
7KHDLPZDVWRGHYHORSDQLQYLWURPRGHOWRVLPXODWHWUDXPDWLFEUDLQLQMXULHV7KHPRGHO
VKRXOGDOORZIRUIXUWKHUVWXG\RIWKHHIIHFWRI7%,VRQQHXURQVLQKRSHVRIGHYHORSLQJEHWWHU
SUHYHQWDWLYHPHWKRGV6SHFLILFDWLRQVRIWKHPRGHOLQFOXGHDQDFFXUDWHUHSUHVHQWDWLRQRIIRUFHRQ
WKHFHOOVVLPLODUWR7%,V7KHPRGHOVKRXOGDOVREHPRGLILHGWRDOORZIRULPSURYHGFHOOJURZWK
,QDGGLWLRQWKHGHVLJQVKRXOGDOORZIRUDFFXUDWHWHVWLQJRIWKHPRGHOLQRUGHUWREHWWHU
XQGHUVWDQGWKHIRUFHVH[HUWHGRQWKHFHOOV
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6WDWHV7%,VSRVHVHULRXVKHDOWKULVNVDQGDUHRIWHQDQLQGLYLGXDOL]HGFRPSOH[FDVHIRUHDFK
LQMXUHGSDWLHQW$SSUR[LPDWHO\PLOOLRQSDWLHQWVDUHKRVSLWDOL]HGHDFK\HDUIRU7%,VZKLFK
FRQWULEXWHVWRDQDQQXDOELOOLRQFRVWIRUWKHVHSDWLHQWV¶WUHDWPHQWDQGKRVSLWDOL]DWLRQ>@
7ZRPDLQSKDVHVRIWUDXPDWLFLQMXU\DUHSULPDU\LQMXU\DQGVHFRQGDU\LQMXU\>@3ULPDU\
LQMXU\FDXVHGE\WKHLQLWLDOLQMXU\IRUFHVLQFOXGHVEUDLQFRQWXVLRQIURPWKHVNXOOVKHDULQJRU
VWUHWFKLQJRIWKHEUDLQE\PRWLRQRIWKHVNXOORUYDVFXODUUHVSRQVHWRDQLPSDFW>@,QJHQHUDO
SULPDU\LQMXU\FRQFHUQVWKHRYHUDOOORVVRIEUDLQWLVVXH>@6RPHRIWKHYDVFXODUUHVSRQVHV
LQFOXGHVXEGXUDOKHPDWRPDEUDLQHGHPDDQGGHFUHDVHGEORRGIORZIURPLQWUDFUDQLDOLQIDUFWLRQ
>@$QRWKHUVHULRXVHIIHFWLVGLIIXVHD[RQDOLQMXU\ZKLFKUHVXOWVLQWKHEUHDNGRZQRIFHUHEUDO
ZKLWHPDWWHUGXHWRGDPDJHWRD[RQVZLWKLQWKHEUDLQ>@6HFRQGDU\LQMXU\FDQDULVHDIWHU
LPSDFWIURPLQMXU\DQGFDQDOWHUFHOOXODUIXQFWLRQ>@6RPHVHFRQGDU\LQMXULHVWKDWFDQGHYHORS
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WUHDWPHQWV>@+LVWRULFDOO\PDQ\LQYLYRDQLPDOPRGHOVKDYHEHHQXVHGWRUHVHDUFK7%,V
VSHFLILFDOO\ODUJHSULPDWHV
$VWXG\FDOOHG³ %LRHQJLQHHUHG)XQFWLRQDO%UDLQOLNH&RUWLFDO7LVVXH´ XVHVFRPSOH[
IXQFWLRQDO'EUDLQOLNHFRUWLFDOWLVVXHLQYLWURWRVKRZWKDWZKHQLQMXUHGWKLVEUDLQOLNHWLVVXH
UHVSRQGVZLWKELRFKHPLFDODQGHOHFWURSK\VLRORJLFDORXWFRPHVWKDWDUHVLPLODUWRWKRVHLQYLYR
7KHJURXSGLGQRWFRQGXFWDQLQYLYRVWXG\7KLVPRGXODULVLPSRUWDQWEHFDXVHLWLVFDSDEOHRI
UHDOWLPHQRQGHVWUXFWLYHDVVHVVPHQWVZKLFKKDVRIIHUHGQHZGLUHFWLRQVIRUVWXGLHVRIEUDLQ
KRPHRVWDVLVDQGLQMXU\%\UHFUHDWLQJFHOOFHOODQGFHOO(&0LQWHUDFWLRQVPRUHUHDOLVWLF
SK\VLRORJLFDOUHVSRQVHVDUHFUHDWHGZKHQFRPSDUHGWRFRQYHQWLRQDO'FXOWXUHV7RDFKLHYHWKLV
PXOWLOD\HUOLWKRJUDSK\'SDWWHUQLQJRIEXONVWUXFWXUHVDQG'WLVVXHSULQWLQJDUHXVHG7KH
JURXSFUHDWHGDPRGXODU'EUDLQOLNHFRUWLFDOWLVVXHPDGHRIVLONSURWHLQEDVHGSRURXV
VFDIIROGVDQ(&0FRPSRVLWHDQGSULPDU\FRUWLFDOQHXURQV0XOWLSOHHQGSRLQWVSRVWLQMXU\ZHUH
+DPHG
H[DPLQHGLQFOXGLQJFHOOXODUGDPDJHHOHFWURSK\VLRORJLFDODFWLYLW\DQGQHXURFKHPLFDOFKDQJHV
LQUHDOWLPH,QRUGHUWRLQGXFHWKH7%,WKHJURXSXWLOL]HGWKHZHLJKWGURSPRGHO7KHIRUFHZDV
GHOLYHUHGWRWKHEUDLQE\GURSSLQJDEOXQWZHLJKWWKURXJKDWXEHRIFRQWUROOHGKHLJKWWRLPSDFW
WKHVNXOO6LQFHWKH'EUDLQOLNHWLVVXHZDVXVHGWRVLPXODWHWKHFRUWLFDOWLVVXHJUDP
ZHLJKWGURSVIURPDQGFHQWLPHWHUVZHUHXVHG/LTXLGFKURPDWRJUDSK\/&ZDVXVHG
WRDQDO\]HWKHLPSDFWRQWKH'EUDLQOLNHWLVVXHV7KLVKHOSHGWKHJURXSGHWHUPLQHLI
LPSDFWLQGXFHGK\SHUDFWLYLW\ZDVFDXVHGE\H[FLWDWRU\QHXURWUDQVPLWWHU*OXUHOHDVH$FRQILQHG
FRPSUHVVLRQWHVWZDVFRQGXFWHGVRWKDW<RXQJ¶VPRGXOXVFRXOGEHHVWLPDWHGE\ILQGLQJWKH
VPDOOODWHUDOGHIRUPDWLRQDQGWKHD[LDOGHIRUPDWLRQ$FXVWRPPDGHZHLJKWGURSVHWXSZDVXVHG
IRULPSDFWLQMXU\7KHWHVWVDPSOHZDVLPPHUVHGLQDUWLILFLDOFHUHEURVSLQDOIOXLGVROXWLRQGXULQJ
WKHH[SHULPHQW7KHVDPSOHZDVLPPHGLDWHO\UHPRYHGDIWHUWKHZHLJKWGURS6ROXWLRQVDPSOHV
ZHUHFROOHFWHGEHIRUHDQGDIWHUWKHLQMXU\IRUOLTXLGDQDO\VLV7KHJURXSWKHQFDOFXODWHG
FRPSUHVVLYHGLVWDQFHEDVHGRQ1HZWRQ¶VJUDYLWDWLRQDOIRUPXOD>@
,QDVWXG\FDOOHG³ 7LVVXH0RGHOVIRU1HXURJHQHVLVDQG5HSDLULQ'´ WKHJURXSFUHDWHG
D'WLVVXHV\VWHPWRPRGHOQHXURJHQHVLVDQGUHFDSLWXODWHGHYHORSPHQWDOVLJQDOLQJFRQGLWLRQV
$ODFHUDWLRQLQMXU\SURWRFROZDVXVHGWRUHSOLFDWHSHULSKHUDOQHUYHLQMXU\ZLWKLQWKHWLVVXHV\VWHP
FRQVLVWLQJRIKROORZFKDQQHOFROODJHQJHOV7KHH[SHULPHQWZDVFRQGXFWHGLQYLWUR1HXUDO
UHSDLUZDVREVHUYHGZLWKLQWZRZHHNV7KHUHVXOWVRIWKLVH[SHULPHQWDUHLPSRUWDQWEHFDXVHWKH\
GHPRQVWUDWHWKDWWKH'WLVVXHV\VWHPFDQPRGHOQHXUDOQHWZRUNIRUPDWLRQEHUHSDLUHGDIWHU
ODFHUDWLRQLQMXULHVDQGEHXWLOL]HGWRIXUWKHUVWXG\KRZWKHVHQHWZRUNVIRUPDQGLQWHUDFWZLWK
RWKHUWLVVXHV,WZDVIRXQGWKDWWKHUHSDLUSURFHVVRILQMXUHGQHUYHVIROORZVDVLPLODUSURFHVVDV
WKDWIRXQGLQHPEU\RQLFGHYHORSPHQW7KHV\VWHPVHUYHGDVDQLQMXU\EDVHGPRGHORIQHXUDO
UHSDLUE\JHQHUDWLQJDQLQYLYRODFHUDWLRQLQMXU\7KHJRDOZDVWRJHQHUDWHDIDFLOHPRGHOZLWK
ZKLFKWRUHSOLFDWHGHYHORSPHQWDOFXHVEHWZHHQQHXUDODQGYDVFXODUQHWZRUNVLQRUGHUWRVWXG\
KRZWKHVHV\VWHPVPDWXUHDQGKRZWKHJURXSFRXOGOHYHUDJHWKHVHV\VWHPVWRGLUHFWWDUJHWHG
QHXUDOJURZWKLQVLWXIRUWLVVXHUHJHQHUDWLRQQHHGV6HHGLQJHIILFLHQFLHVZHUHLPSURYHGE\
LQMHFWLQJKLJKHUQXPEHUVRI+XPDQ8PELOLFDO9HLQ(QGRWKHOLDO&HOOV+89(&VLQWRWKH
FKDQQHOVDQGLQMHFWLQJWKHPDVHFRQGWLPHLPPHGLDWHO\EHIRUHLQYHUWLQJWKHGHYLFHVWRVHHGWKH
WRSRIWKHFKDQQHOV7RFRQILUPWKHSUHVHQFHRIHQGRWKHOLDOFHOOV(&VZLWKLQWKHFKDQQHOVWKH
+DPHG
(&VZHUHHLWKHUSUHORDGHGZLWKWKHOLSRSKLOLFG\H'L2RUVWDLQHGZLWKSKDOORLGLQ,QDOPRVWDOO
FDVHVD[RQVSUHIHUUHGWRH[WHQGDORQJWRZDUGWKH(&VHHGHGFKDQQHOV7KHVHUHVXOWVVXJJHVWHG
WKDWWKHHDUO\IRUPDWLRQRIEORRGYHVVHOVZLWKLQGDPDJHGWLVVXHPD\EHHVVHQWLDOWRHQKDQFLQJ
SHULSKHUDOQHUYHUHJHQHUDWLRQ7KHGDWDVXSSRUWHGWKHQRWLRQWKDWWKHJURXSPD\XVHWKHLU'
WLVVXHV\VWHPWRVXFFHVVIXOO\UHSOLFDWHVLJQDOLQJFRQGLWLRQVIRXQGLQGHYHORSPHQWDQGFDQEH
XVHGWRVWXG\WKHGHYHORSPHQWRIQHXURYDVFXODUXQLWVLQSHULSKHUDOQHUYHVHWWLQJV7KHJURXSZDV
DEOHWRGHPRQVWUDWHWKDWSDWWHUQLQJVLPSOHJHRPHWULHVRIEUDLQGHULYHGQHXURWURSKLFIDFWRU
%'1)ZLWKLQDFROODJHQJHOZDVVXIILFLHQWWRHQKDQFHWDUJHWHGD[RQDOJURZWKZLWKRXWWKHQHHG
WRFRQVWUDLQRYHUDOOJURZWKZLWKWKHXVHRIODUJHUPDFURVFRSLFFRQVWUXFWV6RPHOLPLWDWLRQVRI
WKHWLVVXHPRGHOVXVHGWRVWXG\SHULSKHUDOQHUYHJURZWKLQFOXGHWKHODFNRIDELOLW\WRFUHDWH
QHXUDOQHWZRUNVGLUHFWO\PHDVXUHWKHJURZWKRIWKHVHQDVFHQWQHWZRUNVRUDFFXUDWHO\PRGHO
LQMXU\FRQGLWLRQVWRVWXG\UHSDLUDQGUHJHQHUDWLRQ7\SH,FROODJHQKDVEHHQIRXQGWREHHIIHFWLYH
IRUSHULSKHUDOQHUYHUHSDLU>@
7KH'WLVVXHV\VWHPFRQVLVWLQJRIKROORZFKDQQHOVZLWKLQFROODJHQJHOVZHUHGHYHORSHG
WRVXSSRUWQHXUDOQHWZRUNIRUPDWLRQDQGUHIRUPDWLRQDIWHULQMXU\2YHUWKHFRXUVHRIWZRZHHNV
SRVWLQMXU\D[RQVH[WHQGHGLQWRWKHQHZFKDQQHOVDVRSSRVHGWRWKHGHQVHFROODJHQJHO
LQGLFDWLQJWKDWWKLVV\VWHPFRXOGEHXVHGWRVWXG\QHXUDOQHWZRUNLQMXU\DQGVXEVHTXHQWUHSDLU
DQGUHJHQHUDWLRQ7KHVHUHVXOWVGHPRQVWUDWHGWKDWWKH'V\VWHPFDQPRGHOQHXUDODQGSHUKDSV
YDVFXODUQHWZRUNIRUPDWLRQUHSDLUDIWHUODFHUDWLRQLQMXULHVDQGEHXWLOL]HGWRIXUWKHUVWXG\KRZ
WKHVHQHWZRUNVIRUPDQGLQWHUDFWZLWKRWKHUWLVVXHV>@







+DPHG
&RQVWUDLQWV	:DQWV1HHGV
7KHUHTXLUHPHQWIRUWKLVGHVLJQZDVWRGHYHORSDQLQYLWURPRGHOWRVLPXODWHWUDXPDWLF
EUDLQLQMXULHV7KHPRGHOPXVWDOORZIRUIXUWKHUVWXG\RIWKHHIIHFWRI7%,RQQHXURQVLQKRSHVRI
GHYHORSLQJEHWWHUSUHYHQWDWLYHPHWKRGV6SHFLILFDWLRQVRIWKHPRGHOLQFOXGHDQDFFXUDWH
UHSUHVHQWDWLRQRIIRUFHRQWKHFHOOVVLPLODUWR7%,V7KHPRGHOVKRXOGDOVREHPRGLILHGWRDOORZ
IRUFHOOFXOWXULQJDIWHUPXOWLSOHLPSDFWVRYHUWKHFRXUVHRIPXOWLSOHGD\V,QDGGLWLRQWKHGHVLJQ
VKRXOGDOORZIRUDFFXUDWHWHVWLQJRIWKHPRGHOWREHWWHUXQGHUVWDQGWKHIRUFHVH[HUWHGRQWKHFHOOV
2EMHFWLYHVRIWKLVPRGHODUHUHODWHGWRLPSURYLQJFHUWDLQDVSHFWVRIWKHGHVLJQ7KHWHVWLQJRIWKH
GHVLJQVKRXOGEHDEOHWRPLPLF7%,VWRHQVXUHWKDWWKHPRGHOSURYLGHVDQDFFXUDWHVLPXODWLRQ
7KHGHYLFHVKRXOGDOVREHDEOHWRSURYLGHUHDOWLPHGDWDFROOHFWLRQWRDOORZIRUWKHPRVWSUHFLVH
WHVWLQJPHDVXUHPHQWV7KHDSSOLHGIRUFHPXVWEHUHSHDWDEOHLQRUGHUWRSHUIRUPDTXDQWLWDWLYH
DQDO\VLVRIGDPDJHWRWKHEUDLQ7KHIRUFHPXVWEHPHDVXUHGXVLQJDQ$UGXLQRZKLFKZLOOQHHG
WREHSURSHUO\FDOLEUDWHG7KHIRUFHVXVHGPXVWDOVREHFDOLEUDWHGWRPLPLF7%,V7KHFHOOFXOWXUH
GLVKPXVWDOVRLQKLELWFRQWDPLQDWLRQZKLOHVWLOOPDLQWDLQLQJDQLGHDOHQYLURQPHQWIRUFHOOV7KH
GDWDFROOHFWLRQDQGDQDO\VLVPXVWEHGRQHXVLQJDQ$UGXLQRDQGDKLJKVSHHGFDPHUDWRPHDVXUH
WKHLQGXFHGVWUDLQRQWKHEUDLQPRGHO/RZFRVWIRUIDEULFDWLRQRIWKHSURGXFWPXVWEH
PDLQWDLQHG&XUUHQWLQYLYRDQLPDOPRGHOVDUHLQFUHGLEO\FRVWLQHIILFLHQWDQGWKHUHIRUHWKLV
SURMHFWDLPVWRUHGXFHWKHFRVWRI7%,WHVWLQJ
7KHGDPDJHDVVHVVPHQWDSSURDFKZLOOIRFXVRQFRUUHODWLQJWKHLPDJHVWRWKHDSSOLHG
IRUFH)RUWKLVDSSURDFKWKHIRUFHPHDVXUHPHQWPXVWEHFDOLEUDWHG7KHGHYLFHLPSURYHPHQW
DSSURDFKPXVWIRFXVRQLPSURYLQJWKHUHSHDWDELOLW\VSHHGDQGLQWHQVLW\RIWKHDSSOLHGIRUFH
7KHFHOOFXOWXUHHQYLURQPHQWDQGREVHUYLQJFDSDELOLWLHVVKRXOGDOVREHLPSURYHG7KHFUHDWHG
GHYLFHVKRXOGEHVWHULOHDQGDOORZIRUUHSHDWHGVWHULOL]DWLRQEHFDXVHWKHH[SHULPHQWZLOOEH
SHUIRUPHGRQWKHUDWFRUWH[2QFHWKHVHFHOOVDUHWHVWHGWKH\ZLOOEHFXOWXUHGLQVLGHRIWKH
GHYLFHEHIRUHWKH\DUHWHVWHGDJDLQ%\XVLQJDXWRFODYDEOHSDUWVWKHSDUWVZLOOEHFOHDQHGSULRU
WRXVH7KHERWWRPRIWKH3HWULGLVKPXVWDOORZIRUWKHLPDJHVRIWKHVLONVFDIIROGZLWKWKHFHOOV
WREHFOHDUO\YLVLEOH
+DPHG
0HWKRGV'HVLJQV	([SHULPHQWDO3URFHGXUHV
0HWKRGV
)RUWKHYHU\ILUVW6ROLG:RUNVDVVLJQPHQWWKHGLPHQVLRQVRIWKHGLVKKROGHUZHUH
DGMXVWHGWREHDEOHWRILWWKHVL]HRIWKH3HWULGLVKHVWKDWZHUHRUGHUHGIRUWKLVH[SHULPHQW7KH
DUPRIWKHKDPPHUZDVHORQJDWHGDQGWKHSLOODUVZHUHDOVRHORQJDWHGVRWKDWWKH\FRXOGVXSSRUW
WKHOLG

)LJXUH 6FUHHQVKRWRIGLVKKROGHUDQG+DPPHU:KLFK1HHGHG5HYLVLRQ
7KUHHOLGVZHUHWKHQFUHDWHG7KHSXUSRVHRIWKHVHOLGVZDVWRNHHSWKHH[SHULPHQWFOHDQ
DQGVLPSOLVWLF7KHILUVWOLGWKDWKDVDKROHVRWKDWPHGLDFDQEHLQVHUWHGLQWRWKH3HWULGLVK
ZLWKRXWKDYLQJWRGLVDVVHPEOHWKHGHYLFH7KHVHFRQGOLGLVYHU\VPDOODQGGLUHFWO\FRYHUVWKLV
KROHVRWKDWWKHFRQWHQWVRIWKH3HWULGLVKUHPDLQVDQLWDU\7KLVOLGZLOOUHPDLQRQDWDOOWLPHV
XQOHVVWKHPHGLDQHHGVWREHDFFHVVHG/DVWO\WKHILQDOOLGLVDFXWRXWRIWKHRWKHUWZR,WV
SXUSRVHLVWRFRYHUWKHRSHQLQJLQWKHOLGZKHUHWKHKDPPHUWUDYHOVWKURXJKGXULQJWHVWLQJ7KLV
ZD\LQEHWZHHQWULDOVWKHUHLVQRRSHQLQJWKURXJKZKLFKDQ\FRQWDPLQDQWVFDQJHWWKURXJK
$QDUPRIWKHKDPPHUZKLFKSURYLGHVDGHTXDWHIRUFHIRUWKHKDPPHULQVLGHRIWKH3HWUL
GLVKWRVWULNHWKHFHOOVZDVFUHDWHG7KHZLGWKRIWKLVDUPRIWKHKDPPHUZDVHQODUJHG7KDWZD\
WKHUHLVDJUHDWHUDPRXQWRIFRQWDFWVXUIDFHDUHDZKHUHWKHSDUWVKLWRQHDQRWKHU7KHSUHYLRXV
DUPRIWKHKDPPHUZDVYHU\WKLQDQGKDGDYHU\ORQJDUP7KHORQJDUPLVXQQHFHVVDU\DQGWKH
WKLQQHVVRIWKHDUPRIWKHKDPPHUUHVXOWHGLQDODFNRIGHVLUHGIRUFH7KHDUPRIWKHKDPPHU
HQGHGXSQHHGLQJWREHUHYLVHGDVHFRQGWLPHWRKDYHKROHVZKLFKDUHPLOOLPHWHUVLQGLDPHWHU
7KLVLVEHFDXVHWKHKROHVQHHGHGWREHWDSSHGLQWKHODERUDWRU\IRUWKHVFUHZVWRILW6LQFHWKH
+DPHG
VFUHZVQHHGWRILWLWZRXOGEHPRUHSUHFLVHIRUWKH6ROLG:RUNVSDUWWREHSULQWHGZLWKWKH
VSHFLILHGGLPHQVLRQVUDWKHUWKDQDOWHULQJWKHGLPHQVLRQVE\KDQG
$QHZGLVKKROGHUZKLFKFRQQHFWHGWRWKHUHVWRIWKHGHYLFHPRUHHIIHFWLYHO\ZDVFUHDWHG
7KHSUHYLRXVGLVKKROGHUGLGQRWKDYHDEDVHDQGWKH3HWULGLVKFRQWLQXHGWRPRYHDURXQGZKLOH
WKHKLWWLQJWHVWVZHUHEHLQJFRQGXFWHG7KHGLVKKROGHUHQGHGXSQHHGLQJWREHUHYLVHGDQRWKHU
WLPHZKHQWKH3HWULGLVKZDVQRWDEOHWRILWLQWRWKHGLVKKROGHUGXHWRWKHHGJHVEHLQJWRRFORVH
WRRQHDQRWKHU'LDJRQDOFXWVRQWKHHGJHVRIWKHGLVKKROGHUZHUHFUHDWHGVRWKDWWKH3HWULGLVK
ILWVQXJJO\DQGGLGQRWPRYHWKURXJKRXWWKHH[SHULPHQW
6HYHUDOFKDQJHVWRWKHKDPPHUGHVLJQZHUHPDGHLQRUGHUWRREWDLQRSWLPDOUHVXOWV2QH
RIWKHLVVXHVUHJDUGLQJWKHKDPPHUZDVWKHIULFWLRQLWFDXVHGEHFDXVHLWFDPHLQFRQWDFWZLWKWKH
ERWWRPRIWKH3HWULGLVK7KLVIULFWLRQZDVVHHQLQWKHUHVXOWVDQGQHJDWLYHO\DIIHFWHGWKHLPSDFW
IRUFHRQWKHVFDIIROG)RUWKLVUHDVRQWKHKHLJKWRIWKHKDPPHUZDVUHGXFHGWRHQVXUHWKDWLW
ZRXOGQRWWRXFKWKHERWWRPRIWKHGLVK7KHOHQJWKRIWKHKDPPHUZDVDOVRHORQJDWHGLQWKH
;GLUHFWLRQEHFDXVHGXULQJWHVWLQJLWZDVVHHQWKDWWKHKDPPHUZDVQRWPDNLQJDIXOOLPSDFWRQ
WKHVFDIIROG7KHPDWHULDORIWKHKDPPHUZDVDOVRFKDQJHGIURPDFU\OLFWRSRO\SURS\OHQHVRWKDW
LWFRXOGEHDXWRFODYHG











+DPHG
'HVLJQV
)LJXUHVDQGVKRZWKHILQDOWHVWLQJGHYLFHIURPWZRGLIIHUHQWDQJOHV7KHILUVWOLGLV
PDGHRXWRIDFU\OLFWKHVHFRQGDQGWKLUGOLGVZHUHPDGHRXWRI3'06LQWKHODE7KH3'06
&VKDSHGSLHFHZKLFKWKHVFDIIROGZLOOUHVWLQZDVDOVRPDGHRXWRI3'06LQWKHODE7KHDUP
RIWKHKDPPHUZDVPDGHOLJKWHUE\FUHDWLQJFXWRXWV/DVWO\WKHGHYLFHZDVUHGHVLJQHGVRWKDW
WKHDUPRIWKHKDPPHULVHDVLO\DWWDFKDEOHDQGUHPRYDEOH

)LJXUH 7RS9LHZRIWKH5HYLVHG7HVWLQJ'HYLFH

)LJXUH 6LGH9LHZRIWKH5HYLVHG7HVWLQJ'HYLFH
+DPHG

)LJXUH 6LGH9LHZRI([SHULPHQWDO3RUWLRQRIWKH'HYLFH
,Q)LJXUHWKHZHLJKWVDUHEHLQJSXOOHGEDFNZDUGVVRWKDWZKHQWKH\DUHUHOHDVHGWKH\
ZLOOKLWWKHDUPRIWKHKDPPHUDQGXOWLPDWHO\FDXVHWKHKDPPHUWRVWULNHWKHVFDIIROG7KHDUP
RIWKHKDPPHUKDVDVKXWWHUDWWDFKHGWRLW7KHVKXWWHUZLOOSDVVWKURXJKWKHSKRWRJDWHWRVLJQDO
WKHFDPHUDWRVWDUWWDNLQJSLFWXUHV7KHZHLJKWVPXVWEHSXOOHGEDFNHQRXJKWRZKHUHWKHXVHU
RIWKHGHYLFHFDQKHDUD³FOLFN´VRXQGWRHQVXUHWKDWWKHPHFKDQLFDOVZLWFKKDVEHHQVZLWFKHG
RQ:KHQWKHVZLWFKLVFOLFNHGRQWKHJUHHQ/('RQWKH$UGXLQRERDUGZLOOOLJKW7KLVWHOOVWKH
XVHUWKDWWKHGHYLFHLVUHDG\WRJR:KHQWKHEODFNVKXWWHUSDVVHVWKURXJKWKHSKRWRJDWHWKH
GHYLFHEHJLQVUHFRUGLQJ7KHQWKHKDPPHUZLOOWKHQEHSURSHOOHGIRUZDUGDQGWKHVSRQJHLV
VTXLVKHG7KHFRPSXWHUZLOOGLVSOD\WKHSKRWRJUDSKVWKDWZHUHWDNHQLQWKHSURFHVVRIWKH
KDPPHUKLWWLQJWKHVSRQJHDQGWKH$UGXLQRSURJUDPZLOOUHFRUGWKHIRUFHVWKDWZHUHLQYROYHG
,QWKLVLPDJHWKHQHZHVWDUPRIWKHKDPPHUKDGQRW\HWEHHQFUHDWHG,QIXWXUHWULDOVFXWRXWV
RIWKHDUPRIWKHKDPPHUZHUHPDGHHYHQODUJHUDQGWKHWHVWLQJGHYLFHZDVVSOLWLQWRWZR
SLHFHVVRWKDWLWFRXOGEHHDVLO\DWWDFKHGDQGUHPRYHG
7KHLPDJLQJSURFHVVSURWRFRORXWOLQHGLQWKH$SSHQGL[FRQWDLQVWKHQHFHVVDU\VWHSVWR
WXUQRQWKHGHYLFHDQGUHWULHYHUHVXOWDQWGDWD)ROORZLQJWKHVHVWHSVWKHFDPHUDZLOOEHUHFRUGLQJ
RQDFRPSXWHUSURJUDPDQGWKHOLJKWZLOOEHLOOXPLQDWLQJWKH3HWULGLVKVRWKDWWKHUHLVDFOHDU
+DPHG
LPDJHRIWKHFHOOV7KH$UGXLQRZLOOEHWXUQHGRQVRWKDWWKHIRUFHGDWDZLOOEHUHFRUGHGRQWKH
FRPSXWHUZKHQWKHKDPPHULVUHOHDVHGDQGWKHFHOOVDUHKLW

)LJXUH 7RS9LHZRI([SHULPHQWDO3RUWLRQRIWKH'HYLFH
,QWKLVSLFWXUHWKHZHLJKWVDUHEHLQJSXOOHGEDFNZDUGVVRWKDWZKHQWKH\DUHUHOHDVHG
WKH\ZLOOKLWWKHDUPRIWKHKDPPHUZKLFKZLOOWKHQSDVVWKURXJKWKHSKRWRJDWH7KHZHLJKWV
PXVWEHSXOOHGEDFNHQRXJKWRZKHUHWKHXVHURIWKHGHYLFHFDQKHDUD³FOLFN´VRXQG7KHXVHU
PXVWSXOOWKHZHLJKWVEDFNHQRXJKVRWKDWWKH\UHDFKWKHPHFKDQLFDOVZLWFK:KHQWKHVZLWFKLV
FOLFNHGRQWKHJUHHQ/('RQWKH$UGXLQRERDUGZLOOOLJKW7KLVWHOOVWKHXVHUWKDWWKHGHYLFHLV
UHDG\WRJR:KHQWKHEODFNVKXWWHUSDVVHVWKURXJKWKHSKRWRJDWHWKHGHYLFHEHJLQVUHFRUGLQJ
7KHQWKHKDPPHUZLOOWKHQEHPRYHGIRUZDUGDQGWKHVSRQJHLVVTXLVKHG7KHFRPSXWHUZLOO
GLVSOD\WKHSKRWRJUDSKVWKDWZHUHWDNHQLQWKHSURFHVVRIWKHKDPPHUKLWWLQJWKHVSRQJHDQG
WKH$UGXLQRSURJUDPZLOOUHFRUGWKHIRUFHVWKDWZHUHLQYROYHG7KHDUPRIWKHGHYLFHZDV
UHYLVHGVRWKDWLWZRXOGEHOLJKWHUDQGWKHUHIRUHPRYHPRUHHDVLO\&XWRXWVZHUHFUHDWHGLQWKH
DUPRIWKHKDPPHUWRPDNHWKLVSRVVLEOH,QWKLVLPDJHWKHQHZHVWDUPRIWKHKDPPHUKDGQRW
\HWEHHQFUHDWHGDQGDNLWFKHQVSRQJHZDVEHLQJXVHGIRUWHVWLQJLQSODFHRIDVLONVFDIIROG,Q
IXWXUHWULDOVFXWRXWVRIWKHDUPRIWKHKDPPHUZHUHPDGHHYHQODUJHUDQGWKHWHVWLQJGHYLFH
ZDVVSOLWLQWRWZRSLHFHVVRWKDWLWFRXOGEHHDVLO\DWWDFKHGDQGUHPRYHG
+DPHG

)LJXUH 6LGH9LHZRI([SHULPHQWDO3RUWLRQRIWKH'HYLFH
,Q)LJXUHWKHZHLJKWVKDYHEHHQUHOHDVHGDQGWKHVKXWWHUKDVSDVVHGWKURXJKWKH
SKRWRJDWH7KHKDPPHUZDVWKHQSURSHOOHGIRUZDUGDQGWKHVSRQJHZDVVTXLVKHG7KH
FRPSXWHUZLOOGLVSOD\WKHSKRWRJUDSKVWKDWZHUHWDNHQLQWKHSURFHVVRIWKHKDPPHUKLWWLQJWKH
VSRQJHDQGWKH$UGXLQRSURJUDPZLOOKDYHUHFRUGHGWKHIRUFHVWKDWZHUHLQYROYHG7KLVLPDJH
GHSLFWVWKHYLHZRIWKHGHYLFHDIWHUDWULDOKDVEHHQFDUULHGRXW,QWKLVLPDJHWKHQHZHVWDUPRI
WKHKDPPHUKDGQRW\HWEHHQFUHDWHG,QIXWXUHWULDOVFXWRXWVRIWKHDUPRIWKHKDPPHUZHUH
PDGHHYHQODUJHUDQGWKHWHVWLQJGHYLFHZDVVSOLWLQWRWZRSLHFHVVRWKDWLWFRXOGEHHDVLO\
DWWDFKHGDQGUHPRYHG+RZHYHUWKHH[SHULPHQWDOSURFHGXUHUHPDLQHGWKHVDPHLQIXWXUHWULDOV
DQGRQO\WKHGHVLJQRIWKHDUPRIWKHKDPPHUZDVVOLJKWO\DOWHUHG
+DPHG

)LJXUH $UGXLQRDQG(OHFWULFDO&RPSRQHQWVRIWKH'HYLFH
,QWKLVSLFWXUHWKHHOHFWULFDOVHWXSRIWKHGHYLFHFDQEHVHHQ7KHUHLVDQRSWLFDOVZLWFK
ZKLFKZKHQWXUQHGRQVLJQDOVWKHUHFRUGLQJWREHJLQ7KHUHLVDPHFKDQLFDOVZLWFKZKLFK
ZKHQWXUQHGRQWHOOVWKHXVHUWKDWWKHGHYLFHLVUHDG\WRJR,PDJHVDUHWDNHQE\WKHFDPHUDDQG
WKH$UGXLQR6HULDO0RQLWRUGLVSOD\VWKHFRUUHVSRQGLQJIRUFHGDWD7KHUHLVDVZLWFKWKDWVKRXOG
EHVZLWFKHGWR³2Q´DQG³0DQXDO´ZKHQWKHXVHUZRXOGOLNHWREHUHFRUGLQJ7KLVVZLWFKWXUQV
RQWKHOLJKWZKLFKLOOXPLQDWHVWKHVLONVFDIIROG7KHJURXQGDQGWULJJHURQWKH$UGXLQRERDUG
DUHFRQQHFWHGWRWKHFDPHUD
+DPHG

)LJXUH 0LOOLQJ0DFKLQH
7KHPDFKLQHLQ)LJXUHLVXVHGWRPLOOWKHEORFNVVRWKDWWKH\FDQEHXVHGDVPROGV

)LJXUH 3'060ROGV
+DPHG
$IWHUWKHOLGVDQGWKH&VKDSHGSLHFHZHUHGHVLJQHGRQ6ROLG:RUNVWKHQHJDWLYHVSDFH
RIWKHVHSDUWVZHUHPLOOHGLQWRWKHZRRGHQEORFNVXVLQJD´)ODW(QG0LOO7KHILQDOUHVXOWV
DUHVKRZQLQ)LJXUH7KHQWKH3'06ZDVSRXUHGLQWRWKHPROGVDQGWKHSDUWVZHUHFUHDWHG
7KHWRSWZRSLFWXUHVDUHWZRRIWKHOLGVIRUWKH3HWULGLVKDQGWKHERWWRPSLFWXUHLVWKH3'06
&6KDSHGSLHFHZKLFKKROGVWKHVLONVFDIIROGLQSODFHLQVLGHRIWKH3HWULGLVK:KHQWKHVHSDUWV
ZHUHFUHDWHGRQ6ROLG:RUNVGLYRWVZHUHDGGHGVRWKDWWKHSLHFHZRXOGEHHDVLHUWRUHPRYH
IURPWKHPROG7RUHPRYHWKHUHVXOWLQJSLHFHVIURPWKHVHPROGVDQ;$FWRNQLIHZDVXVHG
7KH3'06JHOZDVFUHDWHGXVLQJDUDWLRRIEDVHHODVWRPHUWRFXULQJDJHQW7KHQ
WKHSDVWHZDVSODFHGLQWRDYDFXXPVRWKDWDOORIWKHDLUEXEEOHVZRXOGEHUHPRYHGDQGWKH
SLHFHZRXOGEHRIWKHKLJKHVWSRVVLEOHTXDOLW\7KHJHOZDVUHPRYHGIURPWKHYDFXXPDQG
SODFHGLQWRWKHPROGVVHHQLQ)LJXUH3LHFHVRIDFU\OLFVKRZQLQ)LJXUHZHUHFXWWRILWWKH
H[DFWVL]HRIWKHIDLQWRXWHUUHFWDQJOH7KHQWKHDFU\OLFSLHFHZDVSODFHGRQWRSRIWKHILOOHG
PROGDQGZHLJKWVZHUHSODFHGRQWRSRIWKDWWRHQVXUHWKHWRSRIWKHSLHFHZDVIODW7KHHQWLUH
SLHFHZDVSODFHGLQWRWKHRYHQIRUDERXWGD\VDQGWKHQUHPRYHG2QFHUHPRYHGWKHVH
SLHFHVZHUHUHDG\WREHDXWRFODYHGDQGXVHG

)LJXUH $FU\OLF3LHFHVWR7RS2II0LOOHG%ORFNV)LOOHGZLWK3'06LQWKH2YHQ

+DPHG

)LJXUH 1HZ3'060ROG
7KH3'06SLHFHVZHUHGLIILFXOWWRUHPRYHIURPWKHZRRGHQEORFNVVRDFU\OLFZDVXVHG
LQVWHDG6LPLODUVWHSVZHUHWDNHQWRFUHDWHWKHQHZPROGV$IWHUWKHOLGVDQGWKH&VKDSHGSLHFH
ZHUHGHVLJQHGRQ6ROLG:RUNVWKHQHJDWLYHVSDFHRIWKHVHSDUWVZHUHPLOOHGLQWRWKHDFU\OLF
EORFNV7KLVWLPHD´)ODW(QG0LOOZDVXVHGWRSURYLGHPRUHDFFXUDF\LQWKHFUHDWLRQRI
WKHSLHFHV7KHGHVLJQRIWKH3'06SLHFHVDOOUHPDLQHGWKHVDPHH[FHSWIRUWKHVPDOOHVWOLG
VKRZQLQ)LJXUH$KROHSOXJZDVDGGHGWRNHHSFRQWDPLQDQWVRXWRIWKHSHWULGLVKDWDOO
WLPHV$GGLWLRQDOQHJDWLYHVSDFHZDVDGGHGWRDOORZIRUDQHDV\UHPRYDORIWKHSLHFHIURPWKH
DFU\OLFEORFN7KHSLHFHVVHDPOHVVO\FDPHRXWRIWKHQHZDFU\OLFPROGVDQGWKHH[WUDSDUWV
DGGHGIRUHDV\UHPRYDOZHUHFXWRIIXVLQJDQ;$FWRNQLIH7KHVDPHUHFWDQJXODUDFU\OLFSLHFHV
ZHUHXVHGWRWRSRIIWKHEORFNVILOOHGZLWKWKH3'06EHIRUHEHLQJSXWLQWKHRYHQ

)LJXUH ,QGXVWULDO%DQGVDZ
+DPHG
7KHLQGXVWULDOEDQGVDZZDVXVHGWRFXWWKHDFU\OLFEORFNVZKLFKZHUHXVHGDVPROGVDQG
WRFXWWKHSLHFHVZKLFKZHQWRQWRSRIWKHPLOOHGEORFNVZKHQWKH\ZHUHILOOHGZLWK3'06DQG
UHDG\WREHSXWLQWRWKHRYHQ

)LJXUH $OOHQ:UHQFK6HW
7KHWRROVLQ)LJXUHDUHXVHGWRDGGUHPRYHWKHVFUHZVIURPWKHGHYLFHLQRUGHUWR
DVVHPEOHGLVDVVHPEOHLW

)LJXUH )LUVW/LG
7KHILUVWOLGLVVKRZQLQ)LJXUH,WLVSODFHGGLUHFWO\RQWRSRIWKH3HWULGLVK,WKDV
KROHVIRUWKHSHJVRIWKHGLVKKROGHUWRVOLSLQWRVRWKDWWKHSLHFHVWD\VRQWKHGHYLFHVHFXUHO\,W
KDVDKROHIRUWKHPHGLDWREHSXWLQWRWKH3HWULGLVKZLWKRXWUHPRYLQJWKHOLG,WDOVRKDVD
FXWRXWDOORZLQJIRUWKHPRYHPHQWRIWKHKDPPHU7KHOLGVDUHFOHDUEXWKDYHDSURWHFWLYH
FRYHULQJRQWKHPLQ)LJXUHEHFDXVHWKH\KDGMXVWEHHQGHOLYHUHGWRWKHODERUDWRU\
+DPHG

)LJXUH 2OG3DUW0RGHOV
,Q)LJXUHDUHWKHROGSDUWVWKDWZHUHRQWKHGHYLFHZKLFKZHUHUHYLVHGLQRUGHUWR
FUHDWHWKHFXUUHQWIXQFWLRQLQJGHYLFHLQWKHODERUDWRU\6WDUWLQJIURPWKHWRSOHIWHQGWKHDUP
GLGQRWKDYHWKHFRUUHFWGLPHQVLRQV7KHHQGSLHFHZKLFKZDVVWUXFNWRSURSHOWKHKDPPHU
IRUZDUGZDVWRRKHDY\DQGLWZDVQRWDEOHWRPRYHSURSHUO\RQWKHGHYLFH,WZRXOGQRWPRYH
VZLIWO\EXWUDWKHUJHWFDXJKWDQGPRYHLQFRQVLVWHQWO\IURPWULDOWRWULDO$OVRWKHKROHVLQWKH
ERWWRPSDUWZHUHQRWODUJHHQRXJKIRUWKHVSDFHUVWRILWWKURXJKVRWKHVHKROHVZHUHUHYLVHGDQG
PDGHODUJHU7KH3HWULGLVKKROGHUZDVQRWWKHFRUUHFWVL]HIRUWKHQHZ3HWULGLVKHVWKDWZHUH
RUGHUHG$GGLWLRQDOO\WKHSHJVZHUHQRWORQJHQRXJKWRILWWKHWKUHHOLGVRQWKHP6RWKH
GLDPHWHURIWKHSLHFHZDVHQODUJHGDQGWKHSHJVZHUHHORQJDWHG7KHGHVLJQRIWKLVKDPPHU
ZDVFRPSOHWHO\FKDQJHGEHFDXVHWKHUHZDVDQHHGIRUDVWURQJHUKDPPHU6RDQHZKDPPHU
WKDWZDVODUJHULQZLGWKDQGVKRUWHULQOHQJWKZDVFUHDWHG7KHUHYLVHGGLVKKROGHUZDVQRWWKH
SURSHUVL]HWRILWWKH3HWULGLVK6R3URIHVVRU+RVKLQRILOHGGRZQWKHHGJHVDQGWKHDPRXQW
WKDW3URIHVVRU+RVKLQRILOHGWKHVHGRZQZDVPHDVXUHGDQGWKHQHFHVVDU\FKDQJHVZHUHPDGHWR
WKHSDUWILOH7KHQH[WGLVKKROGHUGLGQRWKDYHDEDVHDQGWKHUHIRUHLWGLGQRWKROGWKH3HWUL
GLVKFRQWUDSWLRQLQSODFHGXULQJKLWWLQJVRWKHSDUWILOHZDVUHYLVHGDQGDEDVHZDVDGGHG7KH
DUPRIWKHKDPPHUZDVUHYLVHGWREHVKRUWHULQOHQJWK+RZHYHUWKHKHLJKWRIWKHHQGSRUWLRQ
RIWKHDUPRIWKHKDPPHUZDVODUJHDQGLWQHHGHGWREHILOHG6RWKHSDUWILOHZDVDGMXVWHGWR
KDYHDVKRUWHUHQGSLHFH7KHQH[WSLHFHLV\HWDQRWKHUGLVKKROGHU7KLVSLHFHZDVIRUDQ
+DPHG
LQFUHGLEO\ROGPRGHODVLWKDGWZRVLGHZD\VKROHVWRDWWDFKWKHHOHFWULFDOSDUWVWKURXJK7KLV
SDUWDOVRGLGQRWKDYHDEDVH6RWKLVSLHFHZDVFRPSOHWHO\VFUDSSHG/DVWO\WKLVDUPZDV
VXFFHVVIXOLQFDUU\LQJRXWWKHH[SHULPHQW7KHDUPQHHGHGWREHOLJKWHUVRSRUWLRQVRIWKHDUP
ZHUHFXWRXWLQRUGHUWRIXOILOOWKLVUHTXLUHPHQW

)LJXUH &RPSDULVRQRI2OGDQG1HZ+DPPHU
,QWKLVSLFWXUHWKHROGKDPPHULVEHLQJKHOGDQGWKHQHZDUPRIWKHKDPPHULVDWWDFKHG
WRWKHGHYLFHZLWKDEODFNVKXWWHUVWXFNRQWRSRILW

)LJXUH &RQWDLQHU:KHUH3LHFHVIRUWKH'HYLFHDUH6WRUHG

+DPHG




)LJXUH 6HFRQGDQG7KLUG/LGV
7KHOLGVLQ)LJXUHDUHPDGHRXWRI3'067KHVHFRQGOLGLVYHU\VPDOODQGGLUHFWO\
FRYHUVWKHKROHVRWKDWWKHFRQWHQWVRIWKH3HWULGLVKUHPDLQVDQLWDU\7KLVOLGUHPDLQVRQDWDOO
WLPHVXQOHVVWKHPHGLDQHHGVWREHDFFHVVHG/DVWO\WKHILQDOOLGLVDFXWRXWRIWKHRWKHUWZR,WV
SXUSRVHLVWRFRYHUWKHRSHQLQJLQWKHOLGZKHUHWKHKDPPHUWUDYHOVWKURXJKGXULQJWHVWLQJ7KLV
ZD\LQEHWZHHQWULDOVWKHUHLVQRRSHQLQJWKURXJKZKLFKDQ\FRQWDPLQDQWVFDQJHWWKURXJK
7KHIROORZLQJLVDOLVWRIPDWHULDOVDQGSURJUDPVXVHGWRFUHDWHWKHIXQFWLRQLQJGHYLFH
Ɣ )RUFH$SSOLFDWRU0DWHULDOV
ż0FHQWLPHWHUVDVWHU&DUUFRUURVLRQUHVLVWDQWEDOOEHDULQJFDUULDJHPP
 ż 0FHQWLPHWHUVDVWHU&DUUPLOOLPHWHUZLGHJXLGHUDLOIRUEDOOEHDULQJ
FDUULDJH
 ż 6KDSHZD\V'SULQWHGQ\ORQ3$
 ż 3ROROXODVHUFXWDFU\OLF
 Ŷ PLOOLPHWHUFOHDUDFU\OLF
 Ŷ PLOOLPHWHUFOHDUDFU\OLF
 ż 0FHQWLPHWHUVDVWHU&DUUH[WHQVLRQVSULQJ
Ɣ ;<6WDJH
ż6KDSHZD\V'SULQWHGQ\ORQ3$
 ż 3ROROXODVHUFXWDFU\OLF
 Ŷ PLOOLPHWHUFOHDUDFU\OLF
+DPHG
 Ŷ PLOOLPHWHUFOHDUDFU\OLF
 ż 67(33(521/,1(1HPDVWHSSHUPRWRU
 Ŷ 67(33(521/,1(PRXQWLQJEUDFNHWIRU1HPD 
Ɣ /('6DPSOH,OOXPLQDQW
ż&KDQ]RQ:/('$$
 ż 0FHQWLPHWHUVDVWHU&DUUDOXPLQXP
 ż 2372'&66ROLG6WDWH5HOD\V9'9
 ż 0HDQ:HOO6SRZHUVXSSO\
 ż )XQFWLRQ*HQHUDWRU
Ɣ &DPHUD
ż)/,5%ODFNIO\60RQR0386%9LVLRQ6RQ\,0;
Ɣ 6RIWZDUH
ż62/,':25.6
 ż $UGXLQR,'(
 ż 6SLQQDNHU:LQGRZVELW
$Q;<VWDJHWKDWFDQEHFRQWUROOHGWRDOLJQWKHEUDLQWLVVXHPRGHORYHUWKHKLJKVSHHG
FDPHUDIRUIRUFHWHVWLQJZDVXVHG7KH;<VWDJHPRYHVWKHWLVVXHVDPSOHLQWKHYHUWLFDODQG
KRUL]RQWDOGLUHFWLRQVQRUPDOWRWKHFDPHUD¶VOHQV7KHDELOLW\WRSUHFLVHO\PRYHDVDPSOHDOORZV
IRUHIIRUWOHVVLPDJLQJ7KH;<VWDJHLVFRQVWUXFWHGRIPLOOLPHWHUWKLFNODVHUFXWDFU\OLF
SLHFHV7KHVWDJHPRYHPHQWSURSDJDWHVIURPDSDLURI1(0$VWHSSHUPRWRUV7KHVHVWHSSHU
PRWRUVSXVKDQGSXOOWKHVWDJHRYHUFDUERQSODWHGVWDLQOHVVVWHHOVKDIWVDQGEDOOEHDULQJ
FDUULDJHV,QDGGLWLRQWREDOOEHDULQJFDUULDJHV'SULQWHGURGFODVSVZHUHSULQWHGWRUHGXFHWKH
FRVWRIEDOOEHDULQJFDUULDJHVZKLOHVLPXOWDQHRXVO\PDNLQJWKH;<VWDJHGHVLJQDGMXVWDEOH7R
SHUIRUPWKHWUDXPDWL]DWLRQH[SHULPHQWVHDFKVFDIIROGZDVPRYHGWRWKHPLOOLPHWHUGLVK
ZLWKDFOHDU3'06&VKDSHGSLHFHDQGVXEPHUJHGLQ;3%67KHPLFURKDPPHUZDVXVHGWR
KLWHDFKVFDIIROGRQFHDQGWKHUHVXOWVZHUHLPDJHGXVLQJWKHFDPHUD7KHDFU\OLFFRQVWUXFWLRQLV
DGYDQWDJHRXVGXHWRLWVFKHDSPDQXIDFWXULQJFRVWUREXVWPDWHULDOSURSHUWLHVDQGUHVLVWDQFHWR
DGYHUVHWHPSHUDWXUHHIIHFWV7KHHQWLUHGHYLFHUHVWVXSRQWKHPHFKDQLFDOO\ORDGHG;<VWDJH
+DPHG
7KHWHVWLQJGHYLFHLVHDVLO\GHWDFKDEOHVRWKHVDPSOHVFDQEHHDVLO\WUDQVIHUUHGWREHLPDJHGE\
DFRQIRFDOPLFURVFRSH
([SHULPHQWDO3URFHGXUHV
(DFKWLPHWKLVH[SHULPHQWLVFDUULHGRXWDOORIWKHSDUWVZLOOEHVWHULOL]HGEHIRUHWKH
DVVHPEO\SURFHVVDQGWKHFRQWUDSWLRQZLOODOZD\VEHDVVHPEOHGLQVLGHRIWKHIXPHKRRG0RUH
VSHFLILFDOO\DOO3'06SLHFHVZLOOEHDXWRFODYHGSULRUWRHDFKH[SHULPHQW,WLVLQFUHGLEO\
LPSRUWDQWWRNHHSWKH3'06&VKDSHGSLHFHDVFOHDQDVSRVVLEOH7ZHH]HUVZLOOEHXVHGWRLQVHUW
WKH3'06SLHFHLQWRWKH3HWULGLVKZKLFKLVJRLQJWREHXVHGIRUWKHH[SHULPHQW7KHWZHH]HUV
DQG3'06SLHFHZLOOEHDXWRFODYHGHDFKWLPHEHIRUHWKH\DUHXVHGEHFDXVHWKH3'06SLHFHZLOO
EHLQGLUHFWFRQWDFWZLWKWKHFHOOFXOWXUHPHGLDDQGLWLVLPSRUWDQWWKDWWKHWZHH]HUVDUHVWHULOHWR
DYRLGWDLQWLQJWKHH[SHULPHQW7KHSODFHPHQWRIWKH3'06&VKDSHGSLHFHLQWRWKH3HWULGLVK
ZLOOEHGRQHLQVLGHRIWKHIXPHKRRG$QHZ3HWULGLVKIURPWKHPDQXIDFWXUHUZLOOEHXVHGHDFK
WLPHDQHZH[SHULPHQWLVVWDUWHG7KLVLVEHFDXVHWKH3HWULGLVKHVIURPWKHPDQXIDFWXUHUDUH
DOUHDG\XSWRSURWRFROGXHWRWKHPEHLQJWLVVXHFXOWXUHWUHDWHGSULRUWRWKHLUDUULYDODWWKH
ODERUDWRU\2QFHDQH[SHULPHQWLVFRPSOHWHGWKH3HWULGLVKZLOOEHGLVSRVHGRI7KHVFUHZV
ZDVKHUVDQGVSDFHUVZLOODOOEHDXWRFODYHG7KLVSURFHVVZLOOEHUHSHDWHGHDFKWLPHWKH
H[SHULPHQWLVFDUULHGRXW7KHWRROVXVHGWRSXWWKHWHVWLQJGHYLFHWRJHWKHUZLOOEHDXWRFODYHG
SULRUWRHDFKH[SHULPHQWLQRUGHUWRHQVXUHWKDWWKH\DUHSURSHUO\VWHULOL]HG7KH\ZLOOEHXVHGWR
SXWWRJHWKHUWKHWHVWLQJGHYLFHLQVLGHRIWKHIXPHKRRG7KH'SULQWHGOLGZLOOEHGLSSHGLQ
DOFRKRORXWVLGHRIWKHIXPHKRRGSULRUWRHDFKH[SHULPHQW7KHKDPPHUZLOOEHDXWRFODYHG
SULRUWRWKHH[SHULPHQW7KH'SULQWHGSLHFHVWKDWDUHPDGHRIQ\ORQZLOODOOEHDXWRFODYHGSULRU
WRWKHVWDUWRIWKHH[SHULPHQW2QFHDOORIWKHSLHFHVDUHFOHDQHGXVLQJWKHPHWKRGVGHVFULEHG
DERYHWKH\DUHVDIHWREULQJLQWRWKHIXPHKRRGIRUWKHDVVHPEO\RIWKHFRQWUDSWLRQ





+DPHG
,QVXPPDU\
 3'06SLHFHV
D $XWRFODYH
L 3ULRUWRHDFKH[SHULPHQW
 7ZHH]HUV
D $XWRFODYH
L 3ULRUWRHDFKH[SHULPHQW
 3HWULGLVK
D $QHZ3HWULGLVKIURPWKHPDQXIDFWXUHUZLOOEHXVHGIRUHDFKH[SHULPHQW
E 'LVSRVHRI3HWULGLVKHDFKWLPHDQH[SHULPHQWLVFRPSOHWHG
 6FUHZVZDVKHUVDQGVSDFHUV
D $XWRFODYH
L 3ULRUWRHDFKH[SHULPHQW
 6FUHZGULYLQJWRROV
D $XWRFODYH
L 3ULRUWRHDFKH[SHULPHQW
 'SULQWHGOLG
D 'LSLQDOFRKRORXWVLGHRIWKHIXPHKRRG
L 3ULRUWRHDFKH[SHULPHQW
 +DPPHU
D $XWRFODYH
L 3ULRUWRWKHHDFKH[SHULPHQW
 'SULQWHGQ\ORQSLHFHV
D $XWRFODYH
L 3ULRUWRWKHHDFKH[SHULPHQW



+DPHG
7KHLPDJLQJSURFHVVLQVWUXFWLRQVRXWOLQHGLQWKH$SSHQGL[FRQWDLQWKHQHFHVVDU\VWHSVWR
WXUQRQWKHGHYLFHDQGUHWULHYHUHVXOWDQWGDWD)ROORZLQJWKHVHVWHSVWKHFDPHUDZLOOEHUHFRUGLQJ
RQDFRPSXWHUSURJUDPDQGWKHOLJKWZLOOEHLOOXPLQDWLQJWKH3HWULGLVKVRWKDWWKHUHLVDFOHDU
LPDJHRIWKHFHOOV7KH$UGXLQRZLOOEHWXUQHGRQVRWKDWWKHIRUFHGDWDZLOOEHUHFRUGHGRQWKH
FRPSXWHUZKHQWKHKDPPHULVUHOHDVHGDQGWKHFHOOVDUHKLW

)LJXUH 7KLVLVDVQDSVKRWRIWKHFRPSXWHUVFUHHQGXULQJDW\SLFDOWULDO7KHSURJUDP
FRQQHFWHGWRWKHFDPHUDLVUXQQLQJDQGWDNLQJSLFWXUHV7KHVHLPDJHVDUHWDNHQDQGVDYHGWR
DIROGHURI\RXUFKRLFH7KHVSHFLPHQLQWKLVFDVHWKHNLWFKHQVSRQJHFDQEHVHHQLQWKH
YLHZLQJZLQGRZDQGWKH$UGXLQRSURJUDPLVUXQQLQJ7KH$UGXLQR6HULDO0RQLWRUGLVSOD\VWKH
FROOHFWHGGDWDUHJDUGLQJWKHUHVXOWDQWIRUFHV
,QWKHWRSOHIWFRUQHURI)LJXUHWKHVHWWLQJVDUHDOOFRUUHFWEDVHGRQWKHJXLGHOLQHVRI
WKHLPDJLQJSURFHVVSURWRFRO7KHLPDJHLQWKHWRSULJKWLVZKDWLVEHLQJYLHZHGE\WKHFDPHUD
7KHKDPPHULVLQLWVILQDOSRVLWLRQDQGLWKDVVTXLVKHGWKHVSRQJH7KH$UGXLQRSRSXSVKRZV
WKHIRUFHVWKDWZHUHUHFRUGHGIRUWKLVWULDO
+DPHG
)HDVLELOLW\WHVWVZHUHSHUIRUPHGRQGLIIHUHQWDVSHFWVRIWKHGHVLJQWRHQVXUHWKDWHDFK
HOHPHQWZRUNHGSURSHUO\7KLVLVLPSRUWDQWVRWKDWZKHQLWLVWLPHWRWHVWWKHILQDOGHVLJQWKH
SURFHVVZLOOUXQVPRRWKO\DQGWKHUHVKRXOGEHQRREVWDFOHVLQWKHZD\WKDWFRXOGKDYHEHHQ
SUHYHQWHGLIGLVFRYHUHGVRRQHU6LQFHWKHSXUSRVHRIWKHGHYLFHWKDWZDVFUHDWHGLVWRKROGFHOOV
LWQHHGVWREHFHOOFXOWXUHFRPSDWLEOHVRWKDWWKHFHOOVZLOOVWLOOEHDOLYHDQGDQ\LPSDFWRQWKH
FHOOYLDELOLW\LVVWULFWO\IURPWKHIRUFHWKDWLVDSSOLHGWRWKHVFDIIROGGXULQJWHVWLQJ7KH3'06
&VKDSHGSLHFHLVLQGLUHFWFRQWDFWZLWKWKHFHOOVEHFDXVHLWKROGVWKHVFDIIROG7KHILUVWWHVW
LQYROYHG5DFKHOVHHGLQJFHOOVRQWRDQRUPDOFHOOFXOWXUH3HWULGLVKZLWKWKH3'06&VKDSHG
SLHFHLQVLGH3ULRUWRVHHGLQJRQH3'06&VKDSHGSLHFHZDVVRDNHGLQDOFRKRORQHZDV
DXWRFODYHGDQGWKHWKLUGGLVKFRQWDLQHGQR3'06DVDFRQWUROWRVHHLIWKHVWHULOL]DWLRQ
WHFKQLTXHKDGDQ\LPSDFWRQWKHFHOOYLDELOLW\DQGSUROLIHUDWLRQ$QRWKHUWHVWWKDWZDVGRQHIRU
GHYLFHIRUFHOOFXOWXUHFRPSDWLELOLW\LQYROYHGVHHGLQJFHOOVLQWRDGLVKZLWKWKHIXOO\DVVHPEOHG
GHYLFHLQFOXGLQJWKHKDPPHUWKDWDOVRFRPHVLQFRQWDFWZLWKWKHFHOOV$FRQWUROGLVKZDV
VHHGHGIRUFRPSDULVRQ$VDUHVXOWRIWKHVHWZRWHVWVLWZDVIRXQGWKDW5DFKHOVKRXOGFXOWXUHWKH
FHOOVLQDVHSDUDWHGLVK8VLQJWKLVPHWKRGWKHFHOOVZHUHVHHQWRJURZPRVWVXFFHVVIXOO\7KHQ
WKHVHHGHGVFDIIROGVZHUHSODFHGLQWRWKHWHVWLQJGHYLFHZKHQLWZDVWLPHIRUWKHH[SHULPHQW





+DPHG
0RGHOV

)LJXUH &HOO&XOWXUH$VVHPEO\RQ)LQDO7HVWLQJ'HYLFH

)LJXUH )LQDOL]HG'HYLFH6KRZLQJ6SULQJDQG0DVV6HWWR+LWWKH+DPPHU:KLFK6WULNHVWKH
6FDIIROG
+DPHG

)LJXUH 2VFLOORVFRSHDQG3RZHU6XSSO\
)RUWKHH[SHULPHQWWREHFDUULHGRXWWKHZD\WKHSUHYLRXV6HQLRU'HVLJQJURXSLQWHQGHG
WKH3RZHU6XSSO\PXVWEHWXUQHGRQDQGVHWWR9ROWV7KHRVFLOORVFRSHPXVWDOVREHWXUQHG
RQ

)LJXUH $UGXLQRDQG(OHFWULFDO&RPSRQHQWVRIWKH'HYLFH
)LJXUHGLVSOD\VWKHHOHFWULFDOVHWXSRIWKHGHYLFH7KHUHLVDQRSWLFDOVZLWFKZKLFK
ZKHQWXUQHGRQVLJQDOVWKHUHFRUGLQJWREHJLQ7KHUHLVDPHFKDQLFDOVZLWFKZKLFKZKHQ
WXUQHGRQWHOOVWKHXVHUWKDWWKHGHYLFHLVUHDG\WRJR,PDJHVDUHWDNHQE\WKHFDPHUDDQGWKH
$UGXLQR6HULDO0RQLWRUGLVSOD\VWKHFRUUHVSRQGLQJIRUFHGDWD7KHUHLVDVZLWFKWKDWVKRXOGEH
+DPHG
VZLWFKHGWR³2Q´DQG³0DQXDO´ZKHQWKHXVHUZRXOGOLNHWREHUHFRUGLQJ7KLVVZLWFKWXUQVRQ
WKHOLJKWZKLFKLOOXPLQDWHVWKHVLONVFDIIROG7KHJURXQGDQGWULJJHURQWKH$UGXLQRERDUGDUH
FRQQHFWHGWRWKHFDPHUD

)LJXUH 3LFWXUH'LVSOD\LQJWKH5XOHUDQG0DVVHV
7KHUXOHUZDVSODFHGDVVKRZQLQ)LJXUH7KLVSODFHPHQWUHPDLQHGFRQVWDQWVRWKDW
ZKHQWKHGLVWDQFHIURPZKLFKWKHPDVVHVZHUHUHOHDVHGZDVUHFRUGHGWKDWGLVWDQFHUHPDLQHG
FRQVWDQWWKURXJKRXWDOORIWKHWULDOV

)LJXUH 6HWXS'LDJUDPIRUWKH(OHFWULFDO3RUWLRQRIWKH'HYLFH
+DPHG
)LJXUHLVDGLDJUDPWKDWZDVFUHDWHGWRGHSLFWWKHHOHFWULFDOVHWXSRIWKHGHYLFH7KHUH
LVDQRSWLFDOVZLWFKZKLFKZKHQWXUQHGRQVLJQDOVWKHUHFRUGLQJWREHJLQ7KHUHLVD
PHFKDQLFDOVZLWFKZKLFKZKHQWXUQHGRQWHOOVWKHXVHUWKDWWKHGHYLFHLVUHDG\WRJR,PDJHV
DUHWDNHQE\WKHFDPHUDDQGWKH$UGXLQR6HULDO0RQLWRUGLVSOD\VWKHFRUUHVSRQGLQJIRUFHGDWD
7KHUHLVDVZLWFKWKDWVKRXOGEHVZLWFKHGWR³2Q´DQG³0DQXDO´ZKHQWKHXVHUZRXOGOLNHWREH
UHFRUGLQJ7KLVVZLWFKWXUQVRQWKHOLJKWZKLFKLOOXPLQDWHVWKHVLONVFDIIROG7KHJURXQGDQG
WULJJHURQWKH$UGXLQRERDUGDUHFRQQHFWHGWRWKHFDPHUD

)LJXUH (QWLUH'HYLFH7KH3RUWLRQRIWKH7HVWLQJ'HYLFHWKDW:DV&UHDWHGLV&LUFOHG



+DPHG

5HVXOWV
,QLWLDO5HVXOWV
7KHV\VWHPZDVILUVWWHVWHGXVLQJDNLWFKHQVSRQJH'DWDZDVWDNHQRQDSSOLHGIRUFHDQG
LPDJHVZHUHWDNHQRQFHHYHU\PLFURVHFRQGWRFRUUHODWHVWUDLQH[SHULHQFHGE\WKHVFDIIROGWRWKH
IRUFHPHDVXUHG7KHV\VWHPZDVWHVWHGZLWKWKHVSULQJWHQVLRQHGWRFHQWLPHWHUV7ULDOVZHUH
FRQGXFWHGZLWKDQGZLWKRXWZDWHULQWKH3HWULGLVKDQGZLWKDQGZLWKRXWWKHKDPPHUDWWDFKHGWR
WKHWHVWLQJGHYLFH

)LJXUH )LQDO3RVLWLRQRI+DPPHU$IWHU7ULDO:LWK+DPPHUDQG1R:DWHULV&DUULHG2XW






+DPHG

7ULDO2QH1R+DPPHUFHQWLPHWHUV

7ULDO7ZR1R+DPPHUFHQWLPHWHUV

)LJXUH 7ULDOVDQG:LWKRXWWKH+DPPHUDQG:LWK1R:DWHU
7ZRWULDOVRIWKLVH[SHULPHQWZHUHFRQGXFWHGZLWKRXWWKHKDPPHU7KHUHVXOWLQJJUDSKV
ZHUHYHU\VSRUDGLF7KHJRRGQHZVZDVWKDWWKHVHJUDSKVGLGQRWORRNOLNHWKHJUDSKVIRUWKH
UHVXOWLQJGDWDZLWKWKHKDPPHU7KHUHIRUHLWZDVYHULILHGWKDWWKHIRUFHZDVEHLQJFDOFXODWHG
FRUUHFWO\
+DPHG
 

)LJXUH 7ULDOVDQG:LWK+DPPHUDQG1R:DWHU
7ZRWULDOVRIWKLVH[SHULPHQWZHUHFRQGXFWHGZLWKWKHKDPPHUDQGQRZDWHU7KH
UHVXOWLQJJUDSKVZHUHYHU\VLPLODU7KHJRRGQHZVZDVWKDWWKHVHJUDSKVGLGQRWORRNOLNHWKH
JUDSKVIRUWKHUHVXOWLQJGDWDZLWKRXWWKHKDPPHU7KHUHIRUHLWZDVYHULILHGWKDWWKHIRUFHZDV
EHLQJFDOFXODWHGFRUUHFWO\
+DPHG


)LJXUH 7ULDOVDQG:LWK+DPPHUDQG:DWHU
7ZRWULDOVRIWKLVH[SHULPHQWZHUHFRQGXFWHGZLWKWKHKDPPHUDQGZDWHULQVLGHRIWKH
3HWULGLVK7KHUHVXOWLQJJUDSKVZHUHYHU\VLPLODU7KHJRRGQHZVZDVWKDWWKHVHJUDSKVGLGQRW
ORRNOLNHWKHJUDSKVIRUWKHUHVXOWLQJGDWDZLWKRXWWKHKDPPHU7KHUHIRUHLWZDVYHULILHGWKDWWKH
IRUFHZDVEHLQJFDOFXODWHGFRUUHFWO\,WDOVRVHHPHGDVWKRXJKZDWHUKDGUHGXFHGWKHIULFWLRQDO
IRUFHRIWKHKDPPHURQWKHERWWRPRIWKH3HWULGLVK6RWKH3HWULGLVKZDVILOOHGZLWK3%6ZKHQ
WHVWLQJZDVGRQHRQWKHVHHGHGVLONVFDIIROGVLQRUGHUWRUHGXFHIULFWLRQ
+DPHG
7KHV\VWHPZDVWHVWHGDJDLQEXWXVLQJDVLONVFDIIROGZLWKQRFXOWXUHGFHOOV'DWDZDV
WDNHQRQWKHDSSOLHGIRUFH,PDJHVZHUHDOVRWDNHQRQFHHYHU\PLFURVHFRQGWRFRUUHODWHVWUDLQRQ
WKHVFDIIROGZLWKWKHIRUFHPHDVXUHG7KHV\VWHPZDVWHVWHGZLWKWKHVSULQJEHLQJWHQVLRQHGWR
FHQWLPHWHUV)LYHWULDOVZHUHGRQHDWWKLVGLVWDQFH7KHUHVXOWLQJJUDSKVZHUHDOOLQFUHGLEO\
VLPLODU
7ULDO2QHFHQWLPHWHUV

)LJXUH )RUFH0HDVXUHPHQWRI6LON6FDIIROG,PSDFWHGE\6SULQJ7HQVLRQHGWRFHQWLPHWHUV
2QH7ULDO
$WWKLVSRLQWWKHIRUFHPHDVXUHGE\WKH$UGXLQRQHHGHGWREHFDOLEUDWHGWRNQRZQYDOXHV
EHFDXVHDOORIWKHIRUFHGDWDZDVEHLQJUHFRUGHGLQ³DUELWUDU\XQLWV´
7KHIRUFHGDWDFDQEHFRUUHODWHGZLWKWKHLPDJHVWDNHQ6LQFHWKH$UGXLQREHJLQV
WUDFNLQJIRUFHGDWDDWWKHVDPHWLPHDVLPDJHFDSWXULQJEHLQJVWKHWLPHSRLQWVFDQEHDVVRFLDWHG
ZLWKLPDJHV6HYHQSRLQWVRIGDWDDUHWDNHQIRUHDFKLPDJHFDSWXUHG

)LJXUH ,PDJHRI6LON6FDIIROG%HIRUH,PSDFW$'XULQJ,PSDFW%3RVW,PSDFW&
+DPHG
)URPWKHLQLWLDOGDWDLWZDVVHHQWKDWDVWKHGLVWDQFHWKHVSULQJZDVWHQVLRQHGLQFUHDVHG
WKHPD[LPXPIRUFHDSSOLHGWRWKHVLONVFDIIROGDOVRLQFUHDVHG7KLVZDVWREHH[SHFWHGDQG
SURYHGWKHGHYLFHIXQFWLRQHGDVGHVLUHG
&DOLEUDWLRQ
7KHGHYLFHZDVFDOLEUDWHGE\FUHDWLQJDQDSSDUDWXVZKLFKDWWDFKHVWRWKHIRUFHVHQVRU
7KHPDVVRIWKLVFRQWUDSWLRQLVJUDPV1XWVZHUHWKHQDGGHGLQWRWKHFRQWUDSWLRQRQHDWD
WLPH7KHQXWVZHLJKDSSUR[LPDWHO\JUDPVHDFK7KHQXPEHURIQXWVDORQJZLWKWKH
UHVXOWLQJGDWDZKLFKZDVVHHQRQWKH$UGXLQR6HULDO0RQLWRUZHUHUHFRUGHG
7DEOH 1XPEHURI1XWVDQG5HVXOWLQJ'DWD'LVSOD\HGRQ$UGXLQR6HULDO0RQLWRU
1XPEHURI
1XWV
5HVXOWLQJ
'DWD
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
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 
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 
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 
 
 
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 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7KHQWKHWRWDOPDVVSUHVHQWLQWKHDSSDUDWXVZDVUHFRUGHGDORQJZLWKWKHUHVXOWLQJGDWD
$WKLUGFROXPQZDVDGGHGLQRUGHUWRFRQYHUWWKHUHVXOWLQJIRUFHGDWDLQWRWKHNQRZQXQLWVRI
1HZWRQV7RGRWKLVWKHNQRZQPDVVZDVPXOWLSOLHGE\PHWHUVSHUVHFRQGVTXDUHGDQGWKDW
ZDVDOOGLYLGHGE\7KLVHTXDWLRQSURYLGHGWKHUHVXOWLQJIRUFHFDOLEUDWHGLQWR1HZWRQV
7DEOH 7RWDO0DVV5HVXOWLQJ'DWDDQG)RUFH&DOFXODWLRQV
7RWDO0DVV
LQJ
5HVXOWLQJ
'DWD )RUFH1
  
  
  
  
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  
  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
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 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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
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
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
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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
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 
  
  
  
  
  
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  
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
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
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
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
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
2QFHWKLVWDVNZDVFRPSOHWHGWKHIRUFHLQ1HZWRQVYHUVXVWKHUHVXOWLQJGDWDZDV
JUDSKHG
+DPHG

)LJXUH &DOLEUDWLRQ*UDSK
8VLQJ0LFURVRIW([FHOWKHHTXDWLRQIRUWKHOLQHDUWUHQGOLQHZDVREWDLQHG:KHDWVWRQH
EULGJHFLUFXLWVKDYHDQRIIVHWDQGLWFDQEHQHJOHFWHG7KHUHIRUHXVLQJWKLVJUDSKWKHFKDQJH
IURPWKHEDVHOLQHRUWKHVORSHRIWKHSORWZDVREWDLQHGLVZKDWDOORIWKHUHVXOWLQJGDWD
ZDVPXOWLSOLHGE\LQRUGHUWRREWDLQWKHIRUFHLQ1HZWRQV
)LQDO5HVXOWV
7KHFDOLEUDWLRQFXUYHZDVWKHQDSSOLHGWRWKHLPSDFWVRQWKHVHHGHGVFDIIROGVWROHDUQWKH
UHVXOWLQJIRUFHVLQNQRZQXQLWV1HZWRQV:KHQWKHGLVWDQFHXVHGZDVEHORZFHQWLPHWHUVWKH
IRUFHGDWDQRORQJHUVKRZHGDVKDUSSHDN7KHUHIRUHWKHVSULQJZDVWHQVLRQHGWRFHQWLPHWHUV
LQRUGHUWRUHWULHYHIXQFWLRQDOUHVXOWVLQWKHILQDOUXQRIWKHH[SHULPHQW
$IWHUFXOWXULQJWKHFHOOVIRUDZHHNPHFKDQLFDOWHVWLQJZDVSHUIRUPHGRQWKHVLON
VFDIIROGVVHHGHGZLWKWKHUDWFRUWH[,PDJHVZHUHWDNHQGXULQJWKLVSURFHVVZLWKDKLJKVSHHG
FDPHUDZKLFKFDSWXUHVIUDPHVSHUVHFRQG(DFKIUDPHFRUUHVSRQGVWRPLOOLVHFRQGV
7KHVHQLQHLPDJHVVKRZWKHSURFHVVRIWKHPLFURKDPPHUVWULNLQJWKHVFDIIROGGXULQJRQHWULDO
7KHPDLQSDUWRIWKLVFROOLVLRQVKRZQLQ)LJXUHWRRNRQO\IUDPHVIUDPHVPXOWLSOLHGE\
+DPHG
PLOOLVHFRQGVHTXDOVPLOOLVHFRQGV7KHUHIRUHWKHPDLQSDUWRIWKLVFROOLVLRQWRRN
PLOOLVHFRQGV7KHSUHSDUHGVFDIIROGRIUDWFRUWH[ZDVDGGHGWRWKHGHYLFHDQGWHVWHGDW
FHQWLPHWHUV7KHSURFHGXUHVWD\HGWKHVDPHDVEHIRUHEXWWKLVWLPHWKHVFDIIROGVZHUHVHHGHG
ZLWKUDWFRUWH[,QWKHVHWULDOVRQHFDQVHHDQREYLRXVSHDNIRUFH7KHSURFHGXUHRIFDSWXULQJ
LPDJHVGXULQJLPSDFWZDVVXFFHVVIXODQGLPDJHVZHUHUHSHDWHGO\FDSWXUHG)LJXUHVKRZV
VHYHUDOGLVWLQFWLPDJHVZKLFKGHSLFWNH\SRLQWVGXULQJWKHWULDO7KHILUVWSLFWXUHVKRZVWKH
VFDIIROGSODFHGLQVLGHRIWKHGHYLFH7KHQH[WVHYHQSLFWXUHVVKRZWKHPLFURKDPPHULQWKH
SURFHVVRIKLWWLQJWKHVFDIIROG7KHODVWLPDJHGHSLFWVKRZWKHVFDIIROGORRNVDWWKHHQGRIHDFK
WULDO

)LJXUH ,PDJHV7DNHQ'XULQJ5DW&RUWH[+LWWLQJ([SHULPHQW
7HVWLQJRQWKHUDWFRUWH[ZDVSHUIRUPHGVLPLODUWRSUHOLPLQDU\WHVWLQJRIWKHV\VWHPXVLQJ
WKHVLONVFDIIROGZLWKRXWDQ\FXOWXUHGFHOOV7KHSUHSDUHGVFDIIROGRIUDWFRUWH[ZDVDGGHGWRWKH
GHYLFHDQGWHVWHGDWFHQWLPHWHUV)RUFHGDWDUHFRUGHGDWDGLVWDQFHRIFHQWLPHWHUVIRUWZR
VFDIIROGVDUHVKRZQLQWKHJUDSKVEHORZ7KHSURFHGXUHRIFDSWXULQJLPDJHVGXULQJLPSDFWZDV
VXFFHVVIXODQGLPDJHVZHUHFDSWXUHGZLWKQRUHSHDWV
LPDJHVDUHWDNHQSHUWULDO7KHVHLPDJHVVKRZWKHSURFHVVRIWKHWHVWLQJIURPEHIRUH
WKHVFDIIROGLVKLWWRZKHQWKHPLFURKDPPHUKDVVWRSSHGPRYLQJ.H\SRLQWVDUHGHSLFWHGLQ
WKHVHLPDJHVWKHVHLPDJHVSRUWUD\ZKDWWKHVFDIIROGORRNVOLNHDWVHYHUDOSRLQWVLQWLPHZKLOHLW
LVEHLQJKLW7KHLPDJHVDUHWDNHQLQDQH[WUHPHO\VKRUWSHULRGRIWLPHHDFKLPDJHEHLQJWDNHQ
LQXQGHURQHPLFURVHFRQG6RWKHLPDJHVWKDWDUHREWDLQHGIURPWKHLPDJLQJSURFHVVDUH
LQFUHGLEO\SURIRXQGEHFDXVHWKHKDPPHUVWULNLQJWKHVHHGHGVFDIIROGFDQEHREVHUYHG7KH
FDPHUDSURYLGHVLPDJHVWKDWWKHQDNHGH\HZRXOGQRWEHDEOHWRVHH
+DPHG
7KHGHYLFHRXWSXWIRUFHGDWDZKLFKZDVFDOLEUDWHGWR1HZWRQV7KHUHVXOWVRIIRUFH
YHUVXVWLPHZHUHWKHQJUDSKHGGDWDSRLQWVZHUHWDNHQLQPLOOLVHFRQGV
)LJXUH )LQDO)RUFH*UDSKVZLWK6SULQJ7HQVLRQHGWRFHQWLPHWHUV
%RWKIRUFHJUDSKVKDYHVLPLODUWUHQGVDQGH[SHULHQFHGHILQLWHSHDNVDURXQGWKHVDPH
WLPH7KLVPHDQVWKDWWKHGHYLFHLVIXQFWLRQDODQGSURYLGHVUHSHDWDEOHUHVXOWV









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&RQFOXVLRQ	)XWXUH:RUN
7UDXPDWLFEUDLQLQMXULHVDUHDPDMRUFDXVHRIGHDWKLQWKH8QLWHG6WDWHV$VDUHVXOW
UHVHDUFKUHJDUGLQJ7%,VLVLQFUHDVLQJO\LPSRUWDQW$VUHVHDUFKFRQWLQXHVLWLVFULWLFDOWKDWWKH
PHWKRGVDQGH[SHULPHQWVDUHHIILFLHQW7KHJRDORIWKLVWKHVLVZDVWRPRGHO7%,VXVLQJUDWFRUWH[
FHOOVDQGLWGLVSOD\HGHIILFLHQF\LQDOOHYLDWLQJWKHLQLWLDOQHHGIRUOLYHDQLPDOWHVWLQJDVZHOODV
FRQGXFWLQJUHVHDUFKIRUVSRUWVUHODWHGLQMXULHV
7KHGHYLFHKDVEHHQWHVWHGIRUIHDVLELOLW\DQGSURYLGHVUHSHDWDEOHUHVXOWV7KHIRUFHLQ
1HZWRQVDWZKLFKWKHVFDIIROGLVEHLQJVWUXFNE\WKHKDPPHUFDQEHGHWHUPLQHG7KHGHYLFH
DOVRWDNHVFOHDULPDJHVRIWKHVHHGHGVFDIIROGGXULQJWKHWULDOV
7KHUHIRUHWKHFRPSOHWLRQRIWKLVGHYLFHVXFFHVVIXOO\SURYHVWKDWDQLPDOWHVWLQJFDQEH
GUDPDWLFDOO\GHFUHDVHG7KLVLVEHFDVXHVLPLODUFHOOXODUGDPDJHLVVLPXODWHGZLWKRXWWKHQHHG
IRUDQLPDOWHVWLQJMXVW\HW7KHUHIRUHPRGHOLQJWUDXPDWLFEUDLQLQMXULHVWKURXJKLPSDFWLQJ
VHHGHGVFDIIROGVGUDPDWLFDOO\GHFUHDVHVWKHQHHGRIXVLQJDQLPDOVWRPLPLFWKHVHLQMXULHV
,QWKHIXWXUHPRUHWULDOVZLOOEHFRQGXFWHG%\UHSOLFDWLQJWKHH[SHULPHQWPRUHGDWDZLOO
EHUHWULHYHGDOORZLQJIRUPRUHFRQILGHQFHLQWKHUHVXOWV6LQFH7%,VFDQRFFXUDVDUHVXOWRI
PXOWLSOHKLWVWRWKHKHDGWKHQXPEHURIKLWVRQWKHVFDIIROGVZLOOEHLQFUHDVHG$QLQFUHDVHRI
KLWVZLOOEHDQDO\]HGIRUKRZLWDIIHFWVWKHFHOOV8VLQJWKHVHLPDJHVDPHFKDQLFDOVWUDLQDQDO\VLV
FDQEHSHUIRUPHG6WUDLQPDSSLQJZRXOGVKRZZKDWSDUWVRIWKHVFDIIROGH[SHULHQFHWKHPRVW
VWUDLQZKLOHXQGHUJRLQJWKHEUXWHIRUFH7KHUHVXOWVRIWKLVWKHVLVSURYLGHDEHWWHUXQGHUVWDQGLQJ
RIWUDXPDWLFEUDLQLQMXULHVLQKXPDQVZKLFKZLOOOHDGWRGUXJGHYHORSPHQW



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5HIHUHQFHV
>@ 7UDXPDWLF%UDLQ,QMXU\+RSH7KURXJK5HVHDUFK $YDLODEOH
KWWSVZZZQLQGVQLKJRY'LVRUGHUV3DWLHQW&DUHJLYHU(GXFDWLRQ+RSH7KURXJK5HVHD
FK7UDXPDWLF%UDLQ,QMXU\+RSH7KURXJK
>@ 7%,*HWWKH)DFWV $YDLODEOHKWWSVZZZFGFJRYWUDXPDWLFEUDLQLQMXU\JHWBWKHBIDFWVKWPO
>@+$OJDWWDVDQG-+XDQJ7UDXPDWLFEUDLQLQMXU\SDWKRSK\VLRORJ\DQGWUHDWPHQWVHDUO\
LQWHUPHGLDWHDQGODWHSKDVHVSRVWLQMXU\ ,QWHUQDWLRQDO-RXUQDORI0ROHFXODU6FLHQFHV
YRO  SS
>@,&HUQDN$QLPDOPRGHOVRIKHDGWUDXPD 1HXUR5[ YRO  SS
>@0:*UHYHDQG%-=LQN3DWKRSK\VLRORJ\RIWUDXPDWLFEUDLQLQMXU\ 0RXQW6LQDL
-RXUQDORI0HGLFLQH$-RXUQDORI7UDQVODWLRQDODQG3HUVRQDOL]HG0HGLFLQH$-RXUQDO
RI7UDQVODWLRQDODQG3HUVRQDOL]HG0HGLFLQH YRO  SS
>@7DQJ6FKRPHU0':KLWH-'7LHQ/:6FKPLWW/,9DOHQWLQ70*UD]LDQR'
-«.DSODQ'/%LRHQJLQHHUHGIXQFWLRQDOEUDLQOLNHFRUWLFDOWLVVXH
3URFHHGLQJVRIWKH1DWLRQDO$FDGHP\RI6FLHQFHV ±
KWWSVGRLRUJSQDV
>@*UDVPDQ-0)HUUHLUD-$	.DSODQ'/7LVVXH0RGHOVIRU1HXURJHQHVLVDQG
5HSDLULQ' $GYDQFHG)XQFWLRQDO0DWHULDOV ±
KWWSVGRLRUJDGIP





+DPHG
$SSHQGL[
,PDJLQJ3URFHVV
 7XUQRQWKHVZLWFKIRUWKHRXWOHWVDWWDFKHGWRWKHGHYLFHV7XUQWKHRVFLOORVFRSHDQG
SRZHUVRXUFHDVZHOO
 2QWKH$UGXLQRERDUGVZLWFKWKHOLJKWRQOHIWVZLWFK7KHRWKHUVZLWFKULJKWVZLWFK
VKRXOGVWD\RQPDQXDO0

 7XUQWKHIDQRQ

 2SHQ3\ORQ9LHZHU
 &DPHUDVKRXOGDOUHDG\EHFRQQHFWHG8QGHUGHYLFHVXVH³%DVOHUDF$XP
´'RXEOHFOLFNRQWKLV
 2QFH\RXGRXEOHFOLFNWKHFDPHUDQDPHZLOODSSHDUXQGHU)HDWXUHV
+DPHG
 &OLFNRQWKHGRZQDUURZQH[WWRWKHFDPHUDQDPH&OLFNRQWKHGRZQDUURZQH[WWR
,PDJH)RUPDW&RQWURO
 0DNHVXUHWKHIROORZLQJIHDWXUHVDUHVHW
D :LGWK
E +HLJKW
F &HQWHU;
G &HQWHU<
H 3L[HO)RUPDW0RQR

 $QDORJFRQWURO
D *DLQ $XWR&RQWLQXRXV
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